Introduction
Sorghum bicolor (L.) Moench is the third and fifth most important cereal crop grown in the United States and in the world, respectively, and is used as an important source of food in many regions in Africa and Asia. In the United States, the major sorghum growing states are Kansas, Texas, Nebraska, Oklahoma, and Missouri, of which 40% of the production is from Kansas. Though sorghum is well adapted to environmental extremes such as drought, the value and productivity can be reduced greatly by diseases (4) . Sorghum downy mildew (SDM), caused by Peronosclerospora sorghi (Weston & Uppal) C. G. Shaw, is a disease of sorghum and maize (Zea mays L.) (20) . In Africa, reported SDM yield losses range from negligible to as high as 11.7% (1) , and 78% in cv. 'DMS 652' in India (18) .
In Kansas, SDM was first found in Republic and Riley counties in 1967 and 1968 at the same time as an epidemic was occurring in the corn and sorghum production regions of Texas (5, 9, 14, 16) . Subsequent economically serious outbreaks occurred in Kansas in 1978 and 1979 and in Nebraska in 1987 (8, 16) .
Sporadic outbreaks of sorghum downy mildew occur in eastern and southcentral Kansas, but rarely cause economic loss. Primary inoculum in Kansas comes from oospores that overwinter within shredded leaf debris. Often, such leaf debris may originate from systemically infected shattercane, sudangrass, or johnsongrass, which presumably initiated the midwest epidemics of 1979 and 1987 (8) . Secondary spread of the disease is promoted by cooler than normal night temperatures (18-21°C) and above average rainfall or long periods of dew, which results in the presence of free moisture on leaves.
Thus, control recommendations have relied upon the following: avoiding planting sorghum after sudangrass (which is highly susceptible), use of crop rotation, planting of resistant hybrids, and seed treatments with metalaxyl. As demonstrated by Jensen et al. (8) , the pathogen causing the outbreak in 1987 was pathotype 1 (P1). No studies since have characterized P. sorghi populations in the midwest as to their pathotype, although it is considered that P1 and P3 are present because of their ability to infect a wide range of sorghum cultivars, the fact that P2 is relatively rare, and that all of these pathotypes exhibit general sensitivity to metalaxyl. Taken together, this disease in the United States was under control for the last two decades by the regular use of metalaxyl (methyl N- (2,6-dimethylphenyl) -N-(methoxyacetyl)-DL-alaninate) seed treatment along with the deployment of resistant cultivars. The outbreak in several sorghum fields in Wharton and Jackson counties, Texas, during the spring of 2001 and again in 2002, causing significant yield loss poses a serious threat to sorghum productivity. Subsequently, isolates collected from previously resistant hosts revealed the evolution of a new pathogenic race of P. sorghi, pathotype 6 (P6), and demonstrates a need for constant monitoring of the pathogen population (7, 12) .
As a consequence, it became important to test commercial hybrids and elite breeding lines grown in the major sorghum-producing states, Kansas and Texas, for their reaction to the metalaxyl-resistant, P6 pathotype of P. sorghi. Also, at this crucial juncture, it is imperative to identify new resistance sources from exotic germplasm accessions for the control of downy mildew and for long-term sustainability of genetic resistance. Broadening the genetic base for any trait of interest can be obtained through breeding with exotic germplasm, especially tropical sources. However, the pool of available tropical germplasm is large and diverse, making choices of tropical parents difficult. A minicore sorghum germplasm compilation (242 accessions from 57 countries), which represents most of the diversity in the germplasm collection (11% of 2246 core, < 1% of entire 37,000 original collection) were developed for use as genetic resources at the International Crops Research Institute for the Semi-Arid Tropics (ICRISAT), India. Due to its greatly reduced size and diversity representation, the sorghum minicore can be economically evaluated for beneficial traits and provides a gateway for enhanced utilization of germplasm for sustainable crop improvement for food, feed, fodder, fuel, and other industrial products like tannins, waxes, protein, starch, and dyes (19) . This paper reports on the screening against the new virulent sorghum downy mildew pathotype, P6, to identify resistance status of Texas and Kansas hybrids and elite breeding materials and to identify potential sources of downy mildew resistance within the minicore exotic sorghum collection.
Identifying Sources of Resistance to Pathotype 6
In order to screen hybrids and elite breeding materials from Kansas and Texas, and the minicore exotic sorghum collection, three experiments were conducted in the greenhouse (Department of Plant Pathology and Microbiology, Texas A&M University, College Station, TX). The experiments were initiated in June 2009 and completed in May 2010.
In Experiment I, 242 exotic accessions from the minicore collection were screened. The list of 242 minicore accessions, source and country of origin are maintained at ICRISAT. In Experiment II, 67 accessions including commercial hybrids and elite lines commonly grown in Kansas (including those in the 2008 Kansas grain sorghum hybrid performance test) and Texas were screened. In Experiment III, 24 accessions, of which 13 are new hybrids and the remaining 11 are elite breeding lines developed by William R. Rooney (Sorghum Breeder, Texas A&M University, College Station, TX) were screened. The new virulent race, P6, was maintained in the greenhouse on infected susceptible plants (Pioneer hybrid '84G62'), which served as the source of inoculum.
In these studies, we followed the sandwich inoculation technique as established by Thakur (17) for downy mildew resistance screening in the greenhouse. Multiplication and collection of conidia/conidiophores and inoculation of germinating seeds are detailed in Fig. 1 . The oomycetes that cause cereal downy mildews are obligate parasites that cannot be grown in pure culture. Hence, fresh conidiophores were produced for each experiment from infected leaves. Approximately 50 seeds of a test genotype were placed in a petri dish upon moist filter paper (Whatman, No. 1) and allowed to germinate for 24 to 30 h at 35°C. After germination, a layer of plastic or wire mesh (Fig. 1E) was placed over the germinating seeds and 4 to 6 sporulating leaves collected from the susceptible line were placed on the mesh, lower surface-side down, so that conidia would fall onto developing seedlings. The plates, without tops, were wrapped in moistened paper towels, placed into plastic bags and incubated at 20°C for 24 h to maintain high humidity and sporulation and infection. Each experiment was replicated three times using a randomized complete block design. In each replication, 16-17 inoculated seedlings were transplanted to a half-gallon pot, and allowed to grow in the greenhouse at 25 ± 1°C for 14 days (Fig. 2 ). Each week, 15 to 20 lines were tested at a time along with the susceptible (Pioneer hybrid '84G62') and resistant (Pioneer hybrid '83P67') checks. Conidia multiplication was found to be very difficult during the winter months due to cooler weather. Therefore, screening studies were not conducted between October 2009 and February 2010. Susceptibility to downy mildew was evaluated two weeks after transplanting. Plants showing systemic and/or local lesions were counted as infected. Disease incidence was determined from the percentage of infected plants in each replication and evaluated for disease symptoms. In this study, as in Prom et al. (13) , accessions with 10% or less downy mildew incidence were considered "resistant." Disease incidence data was subjected to analysis of variance using PROC ANOVA (SAS v. 9.1, SAS Institute Inc., Cary, NC). Mean comparisons among the sorghum accessions were based on Tukey's Studentized Range test at the 5% probability level. 
P6 Resistance in Exotic Sorghum Germplasm, Hybrids, and Elite Lines
Sorghum downy mildew can be effectively managed by a combination of methods, which include cultural, chemical, and host resistance. Cultural practices such as crop rotation, deep plowing, early planting, and the use of trap crops have been shown to significantly reduce downy mildew incidence (3, 11, 15) . Metalaxyl or fosetyl-Al applied as a seed treatment fungicide can provide effective chemical control of SDM (10) . However, the recent epiphytotics of sorghum downy mildew observed in Texas occurred in seedtreated fields (7) suggesting that seed treatment may be ineffective under field conditions. In addition, expansion of the population on susceptible varieties being grown in the area has led to the emergence of a new pathotype, able to overcome previously resistant cultivars (7) . The sudden outbreak of downy mildew in Texas made apparent the need for continual surveillance and proactive measures. New and alternate sources of host plant resistance are needed for successful management of SDM. Exotic germplasm is increasingly being used to broaden the genetic base and breed cultivars for higher yield, enhanced nutritional quality, and resistance to abiotic and biotic stresses. Under field conditions, a few resistance sources against pathotype 6 of downy mildew have been identified from exotic sorghum germplasm collected from Chad and Uganda (13) . Hence, this study was also conducted to identify potential downy mildew resistance sources from the minicore germplasm collection from ICRISAT, India.
Sorghum downy mildew is characterized by two types of symptoms, local lesions, which result from conidial infection of the leaf lamina (Fig. 3B & 3C ) and systemic infection (Fig. 3D) , which results from oospore or conidial infection of the growing point. Systemic infection occurs when young meristematic tissues of the growing seedlings are infected and symptoms appear within 2 to 3 weeks after planting. Infected plants are stunted and often result in death of seedlings (2, 3, 11, 17) . Abaxial local lesion symptoms can occur at any stage of plant development (11) . Local lesions usually take 7 days to develop and are characterized by discrete necrotic areas where abundant conidia appear as white, downy growth and are produced during humid conditions. These appear as striped, necrotic lesions on leaf blades. The local lesions become systemic when the conidia from these lesions infect meristematic tissues. The white downy growth of conidiophores on these lesions facilitates dissemination of conidia within the foliage of neighboring plants (2, 11) . As the plant grows, newly emerging leaves exhibit parallel stripes of green and white tissue; the white interveinal tissue dies and leaf shredding occurs. These shredded tissues contain numerous oospores that develop as a result of compatible mating of intercellular thalli (17) . Sorghum biomass is a potential source for biofuels; growth in high-density stands in areas of high humidity would likely favor rapid spread of downy mildew. Disease incidence in the susceptible check was 85 to 100% throughout the experimental period in all three experiments indicating the effectiveness of the inoculation method. Results could not be obtained in five [IS5999, IS20635, IS20777, IS21425, and IS33844 (GSS194)] out of 245 accessions. Data from Experiment I showed that downy mildew incidence significantly differed among accessions (F = 6.79; P < 0.0001). Approximately 60% of the accessions showed a disease incidence greater than 30% and mean disease incidence for the 242 accessions was 40%. A total of 38 accessions (16%) [IS995, IS1041, IS1219,  IS2389, IS2397, IS2872, IS3158, IS3946, IS5972, IS6351, IS7310, IS10302,  IS11473, IS13971, IS14290, IS18039, IS19153, IS19445, IS19450, IS20956,  IS21512, IS21891, IS24503, IS28313, IS28614, IS29241 (PL69), IS29582  (PHN160), IS29606, IS5667, IS7679, IS11026, IS13294, IS14779, IS23579  (PAB98), IS23684 (RPM84-2) , IS24939, IS25910, and IS29689 (AMM96-2)] showed disease incidence of 80 to 100% (LSD = 12.3). A total of 52 accessions (22%) had a disease incidence of < 10% and are assumed to carry resistance to downy mildew pathotype P6 ( Table 1) . Out of the 52 resistant accessions, 24 were photosensitive and can be further utilized for breeding of high biomass sorghum lines. (continued).
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Disease reaction x S = susceptible, R = resistant. In this study, as in Prom et al. (13), accessions with 10% or less downy mildew incidence were considered "resistant." * Photosensitive accessions (122) in the minicore germplasm collection.
Screening for downy mildew resistance among 67 commercial sorghum hybrids and elite lines grown in Kansas and Texas also showed significant differences (F = 9.76; P < 0.0001) in response to the P6 P. sorghi isolate. Infection ranged from 0 to 66% across hybrids with an average of 37%. Twenty out of 67 accessions (30%) recorded the lowest downy mildew incidence of < 10% infection (LSD = 11.4; Table 2 ). To confirm the stability of this resistance, these hybrids and elites lines should be further monitored under field conditions in different locations in Kansas and Texas where other pathotypes are prevalent. Five accessions, 766B (Dyna-Grow), SC599 (elite line), O-587 and O-525 (Ohlde), and 670 (Phillips), recorded the highest infection rates (> 60%) indicating their high susceptibility to sorghum downy mildew pathotype 6. x S = susceptible, R = resistant. In this study, as in Prom et al. (13) , accessions with 10% or less downy mildew incidence were considered "resistant." * Photosensitive accessions (122) in the minicore germplasm collection.
Out of 24 accessions screened in Experiment III, 13 were found to be resistant to pathotype 6 (LSD = 10.7) ( Table 3) . Infection ranged from 0 to 90% with an average of 34%. Three elite lines R01302, R03181, and R03182 and two hybrids ATx2928/R05434 and ATx2928/R03182 were very susceptible, with infection rates between 80 and 90%. Based on this observation, these elite lines and hybrids should not be released for use in areas where downy mildew is prevalent. Table 3 . Disease response of sorghum hybrids and elite lines against downy mildew (P. sorghi pathotype 6).
x S = susceptible, R = resistant. In this study, as in Prom et al. (13) , accessions with 10% or less downy mildew incidence were considered "resistant." * Photosensitive accessions (122) in the minicore germplasm collection.
The recent outbreak of downy mildew caused by a new pathotype in Texas region as described by Isakeit and Jaster (6), points out the need for continuous monitoring and characterization of host responses to new pathotypes of the pathogen. Although sorghum hybrids grown in Kansas are typically under less disease pressure than those grown in the coastal bend area of Texas, this study revealed that some of the elite lines and commercial hybrids grown in Kansas are highly susceptible to the new virulent pathotype. While losses to downy mildew infection are currently minimal in hybrids grown in Kansas, downy mildew outbreaks have occurred in the past and are likely to do so again when natural fluctuations in the environment lead to favorable conditions. Therefore, it is important that new and potentially useful resistance sources be identified among accessions in the sorghum germplasm collection. In this study, resistance sources for the new virulent P6 downy mildew pathotype were identified among exotic minicore germplasm accessions from highly diverse genetic origins (Table 1 ). The diversity among these lines is expected to provide different single gene sources as well as quantitative sources of downy mildew resistance for use in breeding programs. 
